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Abstract 
 
We have developed a simple method of the synthesis of hydrides using CaH2 as a hydrogen source.  The perovskite-type hydrides 
APdH3-x (A = Sr, Ba) have successfully been synthesized this method.  However, no superconductivity has been observed above 2 K. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
McMillan [1] has theoretically proposed that the superconducting transition temperature, Tc, is proportional to the 
typical phonon-frequency of a superconductor based on the phonon-mediated pairing of electrons.  Metallic hydrogen 
is expected to show superconductivity near room temperature owing to the high-frequency phonons due to the small 
mass of hydrogen [2].  However, it is impossible at present to attain huge high-pressure exceeding 400 GPa which is 
necessary for the metallization of hydrogen molecules [3].  Instead of hydrogen molecules, metal hydrides are 
prospective candidates for high-Tc superconductors.  There exist optical phonons with high frequencies in metal㻌
hydrides, where each hydrogen atom intensely vibrates independently and metal atoms are almost stationary because 
of their large difference in mass.  The synthesis of hydrides using explosive hydrogen gas is not easy and requires 
special techniques and an apparatus, so that only a few superconducting hydrides such as Th4H15 (Tc ~ 8 K)[4], PdH 
(Tc ~ 9 K)[5, 6], SiH4 (Tc = 17.5 K)[7], have been discovered so far.  Therefore, the development of a safe and simple 
method to synthesize hydrides is desired to search for new high-Tc superconductors.   
Generally, the metal hydride MxM yHz is synthesized by heating an alloy of MxM y in hydrogen gas.  In this 
conventional method, a considerable amount of hydrogen gas is used, so that an apparatus with the high security is 
necessary.  Here, we have developed a new method of the synthesis of hydrides using CaH2 as a H2-source in an 
evacuated glass tube.  That is, CaH2 reduces CuO above ~150°C and generates hydrogen gas, according to the 
following reaction, CaH2 aO + Cu + H2.  In this method, neither hydrogen-gas cylinder nor special 
equipments are necessary.   
It has been reported that optical phonons with high frequencies have an important role in the appearance of 
superconductivity in PdH [8, 9].  Then, we have attempted to synthesize of new superconductors in perovskite-type 
APdH3 (A = Ca, Sr, Ba) in which the electronic configuration of Pd is the same as that in PdH.  Recently, we have 
reported that CaPdH3-  with  ~ 0.6 shows no superconductivity on account of defects of H and/or the weak electron-
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phonon interaction [10].  In this paper, we report the synthesis of APdH3 (A = Sr, Ba) by the new simple method and
the investigation of the possibility of their superconductivity.
2. Experimental
Polycrystalline samples of APdH3 were synthesized by hydrogenation of a APd alloy as follows.  Starting materials
of A granules and Pd powder were used in the molar ratio of A : Pd = 1.1 : 1.0 and mixed in a He-filled glove box.  A
slight excess amount of A was to compensate for the loss of A due to evaporation during the induction melting process. 
The APd alloy was prepared through the induction melting of the mixture placed on a Mo boat in a carbon crucible
under He atmosphere and then ground into powder. Then, hydrogenation of the APd alloy was carried out under 0.5
MPa of hydrogen gas for 24 h at room temperature.  As shown in Fig. 1, the APd was put into an evacuated glass tube 
with the mixture of CaH2 and CuO as a hydrogenation source.  The APd alloy was kept at room temperature, while the
mixture of CaH2 and CuO was heated at ~150 .  The pressure of hydrogenation gas was controlled by the amount of 
CaH2 and the volume of the glass tube.  Polycrystalline PdHx was also prepared by the hydrogenation of Pd powder by
the same method. The powder X-ray diffraction (XRD) analysis was carried out using Cu K radiation at room 
temperature.  Magnetic susceptibility measurements were performed using a superconducting quantum interface
device (SQUID) magnetometer for the detection of superconductivity. 
3. Results
Figure 2 shows the powder XRD pattern measured at room temperature in air for the sample obtained by the
hydrogenation of Pd powder under 0.5 MPa of hydrogen gas at room temperature for 24 h.  The sample is found to be 
a mixture of -PdHx with x 0.1 and '-PdHx with x~0.6.  This result is in good agreement with that in the earlier 
report [11], indicating that our new synthetic method is simple and useful for the hydrogenation of a metal.
Fig. 1. Schematic diagram of hydrogenation apparatus.
Fig. 2. Powder X-ray diffraction pattern measured in air 
for the sample obtained by the hydrogenation of Pd 
powder under ~0.5 MPa of hydrogen gas at room 
temperature using the new method.
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Figure 3 shows the powder XRD patterns of APd alloys obtained by the induction melting process. It is found that 
the samples are of the single phase with the orthorhomobic symmetry.  Both SrPd and BaPd are of the CrB-type 
structure unlike CaPd of the CsCl-type one.
Figure 4 shows the powder XRD patterns of the samples obtained through the hydrogenation of APd alloys under 
0.5 MPa of hydrogen gas for 24 h at room temperature.  It is found that almost single-phase samples of APdH3-x are 
obtained.  The broadening of the XRD peaks may be due to the lattice-strain through the absorption of hydrogen
and/or inhomogeneity of hydrogen. As for SrPdH3-x, the XRD peaks can be indexed on the basis of the cubic
symmetry. The lattice parameter is estimated as a = 3.836 which is in agreement with that in the earlier report on
SrPdH2.7 [12]. On the other hand, the XRD peaks of BaPdH3-x can be indexed on the basis of the tetragonal symmetry
as reported for BaPdH1.4 prepared under 5 GPa of hydrogen gas at 600 with a = 3.997 and c = 4.193 [13]. 
The lattice parameters of the present sample are estimated as a = 3.967 and c = 4.234 . The difference from the 
result in the earlier report may be due to the difference of the content of H.  These results indicate that APdH3-x can be 
obtained by the new hydrogenation method.
Fig. 3. Powder X-ray diffraction patterns for APd alloys
obtained by the induction melting process. Diffraction peaks
are indexed on the basis of the orthorhombic symmetry.  The
upturn of the background at 2 30° is due to a cover made
of resin in order to avoid the exposure of the alloys to air.
Fig. 4. Powder X-ray diffraction patterns for APdH3-x obtained by 
the hydrogenation of APd alloys under ~0.5 MPa of hydrogen gas
for 24 h at room temperature.  Diffraction peaks are indexed on 
the basis of the cubic and tetragonal symmetry for SrPdH3-x and 
BaPdH3-x, respectively. The upturn of the background at 2
30°is due to a cover made of resin in order to avoid the exposure
of APdH3-x to air.
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However, no superconductivity has been observed above 2 K in the magnetic susceptibility measurements.  One of 
the reasons why no superconductivity appears may be due to the weak electron phonon coupling as well as in the case 
of CaPdH3-x [10].  Otherwise, crystalline disorder caused by hydrogen vacancies might suppress the appearance of 
superconductivity. 
 
4. Conclusion 
 
We have successfully synthesized PdH and APdH3-x in an evacuated glass tube by the new hydrogenation method 
using the mixture of CaH2 and CuO as a hydrogen source.  This work indicates that the present method is simple and 
useful for the synthesis of metal hydrides.  No superconductivity has been observed for APdH3-x above 2 K in the 
magnetic susceptibility measurements. This may be due to the weak electron phonon coupling and/or crystalline 
disorder caused by hydrogen vacancies. 
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